Introduction
Recent studies showed that cattle, sheep, and goats preferred both tall fescue and alfalfa hay harvested on a clear day at sunset compared with the same forage harvested at the following sunrise (Fisher et al., 1999 (Fisher et al., , 2002 . This harvest strategy takes advantage of the plant's potential to accumulate carbohydrates during 1 Cooperative investigation of the USDA-ARS and the North Carolina ARS, Raleigh. The use of trade names does not imply endorsement by USDA or by the North Carolina ARS of the products named or criticism of similar ones not mentioned. 
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similarly. Steers consumed larger quantities of PMthan AM-cut hay (2.90 vs. 2.62 kg/100 kg of BW; P = 0.11), but digestion did not differ with cutting time (mean = 0.660; P = 0.75). Difference values (composition of fed hay minus composition of orts) indicated that sheep and goats selected from the feed offered similarly, whereas steers selected differently. Difference values for CP averaged 94 and 101 g/kg for goats and sheep and 32 g/kg for steers (P < 0.01), and difference values for NDF averaged 185 and 196 g/kg for goats and sheep and 73 g/kg for steers (P ≤ 0.01). Steer DMI and digestible DMI were associated with preference (r = +0.83, P ≤ 0.05; and r = +0.89, P ≤ 0.05) and with coordinates for preference criteria (dimension 1; r = +0.90, P ≤ 0.05; and r = +0.89, P ≤ 0.05) from a previous preference trial. Intake and digestion responses for goats and sheep showed no relationship with the previous preference trial measurements. For cattle and goats, the management strategy of mowing in the afternoon seems to take advantage of small, but influential diurnal changes in the soluble carbohydrate fraction and offers the potential to improve forage quality.
the daytime (Bowden et al., 1968; Gordon, 1996) , resulting in forage with improved nutritive value (Lechtenberg et al., 1971) . Of the constituents analyzed in these forages, multidimensional scaling (MDS) statistical procedures (Buntinx et al., 1997) used in these trials have consistently implicated total nonstructural carbohydrates or one or more of its constituents as important contributors to preference in at least one preference criterion (dimension). The extent to which animal short-term preference relates to potential animal performance is not known. The objective of this study was to determine whether the short-term preference reported for alfalfa hays harvested at sunset compared with sunrise (Fisher et al., 2002) was reflected in daily DMI and DM digestion of the same alfalfa hay lots when fed in conventional intake and digestion trials.
Materials and Methods

Source of Hays
Hays were harvested at the mid-bud stage from a well-established field of Germain WL 322HQ alfalfa near Kimberly, ID. The initial spring growth was harvested from the field and not used in the trial. Subsequent paired harvests of the regrowth were taken at sunset (PM) after a sunny day followed by another cut the next morning (AM) at sunrise. Three paired harvests were made in this way, resulting in six experimental hays (Hay 1, July 8 PM [2116] ). The hays were fieldcured in the absence of rain and each pair of hays was baled on the same day and stored under tarps until all six treatments were obtained. The hays were transported to Raleigh, NC, for subsequent animal evaluation. Once at Raleigh, all hays were stored on pallets in a metal building designed for the storage of experimental hays. The DM of the stored hays averaged 909 g/kg (range = 902 to 913).
Alfalfa hay harvested at the late vegetative stage was produced in Raleigh and used for all standardization periods. Just before feeding, all hays were passed through a hydraulic Van Dale 5600 bale processor (J. Starr Industries, Port Atkinson, WI) with stationary knives spaced 10 cm apart. This decreased the hay length (ranging from 8 to 13 cm) for feeding with minimal leaf loss.
Intake and Digestion
Procedure and Design. Dry matter intake and digestion trials were conducted with conventional protocols using steers, sheep, and goats (Burns et al., 1994) . The animal care and handling procedures were approved by the North Carolina State University Institutional Animal Care and Research Committee (Approval No. 03-047A). In the steer intake trial, six Angus steers (initial mean BW = 334 kg) were confined in the intake facility fitted with electronic gates (Calan gate system, American Calan, Inc., Northwood, NH; Burns et al., 1997) . Each steer was fitted with a key to permit access to only one manger, but animals could lounge together and had free access to trace mineral salt block (consisting of salt and oxides of Zn, Mn, Fe, Cu, and carbonates of Fe, Co, calcium periodate, and mineral oil, and contained not less or more than 970 and 985 g/kg of NaCl and 0.03 and 0.45 g/kg of Ca, and not less than 3.5 g/kg of Zn, 2.8 g/kg of Mn, 1.7 g/kg of Fe, 0.07 g/kg of I, and 0.07 g/kg of Co) and water. After acclimation to the gates, each animal was randomly assigned to one of six hay treatments in a 6 × 6 Latin square design. Each intake period consisted of 21 d. A separate digestion trial was conducted with steers using a randomized complete block design with four animals (replicates) per treatment. The 24 Angus steers used in the trial ranged from 284 to 356 kg. The steers were blocked by weight with one of the four replicates conducted at a time. The standard alfalfa hay was fed for 7 d to permit initial adjustment by the animals to the digestion crates (conventional raised steel crates fitted with a rubber mat, a swivel stanchion allowing for free head access to water and a mineralized salt block [described above], and a front, tip-down manger providing easy access to the animal and for feeding). This was followed by a 12-d experimental period consisting of a 7-d adjustment to the forage treatment followed by a 5-d total fecal collection period.
The intake and digestion trials with sheep and goats were conducted similarly using conventional wooden crates. Six Katahdin wether sheep (initial mean BW = 36 kg) and six Boer × Spanish wether goats (initial mean BW = 31 kg) were used in 6 × 6 Latin square designs. The animals were placed into digestion crates located in an enclosed, well-ventilated building. Animals were fitted with conventional collection harnesses with canvas fecal collection bags unzipped and positioned to avoid collection of feces during the acclimation and intake phases. All animals were initially fed the common standard alfalfa hay for a 14-d adjustment period. Animals were then randomly assigned to one of the experimental hays to begin the first period of the Latin square. Each period lasted 18 d and consisted of a 4-d adjustment to the experimental forage, followed by a 14-d intake period with daily total fecal collection occurring on the last 5 d. Total fecal collection was achieved by simply repositioning the harness, inserting a plastic bag liner, and zipping up the canvas collection bags. At the end of the third period, animals were removed from the crates for a 7-d break and were fed the standard alfalfa hay until initiating Period 4.
Feeding and Sampling. All animals were fed at 115% ad libitum intake in all trials. A recorded weight of hay was fed twice daily based on the previous day's intake. To guard against differences within each batch of hay constituting a treatment, a daily sample of the fed hay was obtained during each experimental period and composites were made for a 7-d period. Orts from each animal were weighed twice daily and composited every 7 d. In the digestion phase of each trial, the feed and ort samples were composited for the 5-d collection period and analyzed separately from the samples taken during the intake phase. The last two 7-d samples from the intake phase were further composited for each experimental period. All forage samples were thoroughly mixed, subsampled, oven-dried (55°C), ground in a Wiley mill to pass a 1-mm screen, and stored in an airtight container at room temperature until analyzed.
In the digestion trials, feces were collected and weighed for each consecutive 24-h period. Feces were thoroughly mixed daily, and approximately 5% of the fresh weight placed in a freezer (−14°C). At the end of the 5-d collection, the composite frozen samples were oven-dried (55°C), weighed for DM determination, ground in a Wiley mill to pass a 1-mm screen, thoroughly mixed, subsampled, and stored at room temperature until analyzed. All intake and digestion data are presented on a DM basis.
Laboratory Analyses
Composition and in vitro true DM disappearance (IVTDMD) of fed hays and orts and composition of feed samples were determined using a near infrared reflectance spectrophotometer (NIRS). All samples were first scanned through a model 5000 NIRS (Foss North America, Inc., Eden Prairie, MN). Samples with different spectra (using H-distance ≤ 0.6) were designated for laboratory analyses. When analyses were to be conducted on both feed and ort samples, 162 were selected; and when just on the feed samples, as in the case for soluble carbohydrates, only 80 samples were selected (Table 1) .
The IVTDMD was determined using ruminal inoculum collected from a cannulated mature Hereford steer fed a mixed alfalfa and orchardgrass hay. After batch incubation for 48 h with ruminal inoculum combined with artificial saliva (Burns et al., 1970) in fermentation vessels (Ankom Technology Corp., Fairport, NY), samples were extracted with neutral detergent solution for estimation of IVTDMD. Fiber fractions (NDF, ADF, cellulose, and sulfuric acid lignin) were estimated on the feed, ort and fecal samples according to Van Soest and Robertson (1980) in a batch processor (Ankom Technology Corp.). Crude protein was calculated on the same samples as 6.25 times the N concentration as determined with an autoanalyzer (AOAC, 1990; Procedure 976.06).
Total nonstructural carbohydrates (TNC) were analyzed by an adaptation (Fisher and Burns, 1987) of the method described by Smith (1969) . The TNC were fractionated into monosaccharides (MS), disaccharides, short-chain polysaccharides, and starch. Starch was determined by digesting to glucose with amyloglucosidase and reading the monomer concentration on a YSI model 27 industrial analyzer (Yellow Springs Instrument Co., Yellow Springs, OH).
Following laboratory analyses, the spectra from the NIRS for each sample and corresponding laboratory values were used to develop appropriate calibration equations. These equations were then applied to the remainder of the samples to estimate concentrations of each variable (Table 1 ). All data were reported on a DM basis.
Statistical Analyses
All data from the steer, sheep, and goat intake trials and the sheep and goat digestion trials were analyzed as a 6 × 6 Latin square design. In all cases, the model included terms for animal, period, and treatment. The three-way interaction was used to test all sources of variation for significance according to the F-test (Steel and Torrie, 1980) . The data from the steer digestion trial were analyzed as a randomized complete block design. The model included terms for animal and treatment. The two-way interaction was used to test all sources of variation for significance. Means for all variables analyzed were compared using orthogonal contrasts. The 5 df for treatments were separated into a single-df contrast testing time of cut (TC) effect (i.e., PM vs. AM). Another 2 df were used to estimate harvest date (HD) effects. The 2 df were further partitioned into 1 df to estimate the linear (L) effect and the other for lack of fit (LOF). If the L effect was significant and the LOF not, then the data from each harvest date differed. If both the L effect and LOF were significant, then the data for the middle harvest date deviated significantly from the numeric average of the first and third harvest and might even be greater or lesser than observations of the first or third harvest dates. If the L effect was not significant and the LOF was, then the data from the second harvest date differed from that of the first and third harvest date, whereas the data from the first and third harvest dates were similar. The remaining 2 df were used to estimate the TC × HD interaction. All forage and fecal composition data were considered significant at P ≤ 0.05. Simple linear correlation was used to examine the relationship between measured preference from previous trials (Fisher et al., 2002) and DMI and DM digestion from intake and digestion trials, as well as other selected relationships of interest. A decision was made a priori to consider animal intakes, digestion, and digestible intakes significant with statistical tests at P ≤ 0.15.
Results and Discussion
Four separate experiments were conducted, including a separate DMI and digestion trial for steers and combined intake and digestion trials for sheep and goats. In all cases, when the TC × HD interaction was not significant, only the main effects are reported.
Intake and Digestion
Animal Response. Goats consumed (P = 0.07) more DM of hay cut in the PM compared with hay cut in the AM (Table 2) . Further, DMI increased linearly (P < 0.01) from July (2.70 kg/100 kg of BW) to September (3.07 kg/100 kg of BW). The digestion coefficients for DM (P = 0.03), NDF (P = 0.11), and ADF (P = 0.03) were greater when goats consumed PM hay than AM hay (Table 2) . Digestion coefficients for DM, CP, NDF, ADF, hemicellulose, and cellulose increased from July to the September harvest (P ≤ 0.08). The significant (P = 0.08) LOF for DM digestion (Table 2) was the result of a slightly lower value for the August harvest than a simple linear effect would have produced. The significant (P = 0.02) LOF for ADF (Table 2) resulted because the means for the July and August harvest dates were similar, whereas the September coefficient was higher. The LOF was also significant (P = 0.01) for the hemicellulose digestion coefficients because the mean for the August harvest was higher than either the July or September harvests.
Digestible intakes by goats were greater for DM (P = 0.03), CP (P = 0.14), and ADF (P = 0.05) from PM-vs. AM-cut hays. Digestible intakes of DM and CP increased linearly (P = 0.01) from July to the September harvest. The significant (P = 0.01) LOF for digestible intakes of NDF and hemicellulose (Table 2) indicated a peak in the means for the August harvest. The significant LOF for digestible intake in ADF (P = 0.12) and cellulose (P = 0.01) indicated that the August and September harvest dates were similar.
Sheep responses were generally not altered by time of cut (Table 3) . The difference that occurred (digestible hemicellulose intake) was sufficiently small to be of no biological importance. Harvest date influenced (P < 0.01) DMI, DM digestion, and cellulose digestion (Table 3) . The significant LOF (P = 0.02) for DMI was the result of similar intakes for the July and August harvests but an increased intake for the September harvest. The lack of significance for the linear harvest effect and with a significant LOF (P = 0.09) for hemicellulose was the result of a higher hemicellulose digestion in the August harvest relative to the other two harvests. The digestion of cellulose increased linearly (P = 0.07) with harvest. Intakes of digestible DM and CP had significant (P ≤ 0.05) linear and LOF effects of harvest date (Table 3) . In both cases, the digestible intakes were similar in July and August but greater in September. The digestible intake of cellulose (P = 0.14) exhibited a small linear increase over the three harvests.
Steers consumed more DM (P = 0.11) from the PMcut hay than from the AM-cut hay (Table 4) . With the exception of CP digestion, all variables showed a significant (P ≤ 0.10) TC × HD interaction. In the case of CP digestion (only the HD main effect was significant [P = 0.13] and reported), a significant LOF (P ≤ 0.01) was noted (not shown in Table 4 ) as a result of similar CP digestion in July and August but a greater CP digestion in September. The TC × HD interaction for the other digestion coefficients was associated with the July harvest date in which the PM-cut hay had lower digestion coefficients than AM-cut hay for all variables measured, as opposed to greater values for the PM hay at the other harvest dates (Table 4) . For example, the NDF fraction in PM-cut hay harvested in July was digested less (0.526) than the AM-cut hay (0.595), whereas PM-cut hays harvested in August and September had greater NDF digestion (0.597 and 0.618, respectively) than AM-cut hays (0.582 and 0.583, respectively).
Digestible DMI was not calculated and analyzed statistically as in the goat and sheep trials because intake estimates and digestion coefficients were obtained in separate experiments using different animals. An estimate of digestible DMI may be obtained, however, by multiplying mean DMI by mean DM digestion coefficients for the PM (2.90 kg/100 kg of BW × 0.662 = 1.92 kg/100 kg of BW) and AM (2.62 kg/100 kg of BW × 0.659 = 1.73 kg/100 kg of BW) cut hays. Based on these estimates, steers may have consumed 11% more digestible DM when consuming PM-cut hay, which might influence daily animal response (NRC, 1981 (NRC, , 1996 and have potential economic value. The benefit from producing PM-cut hay occurs at no additional monetary cost, but it does have a risk-cost associated with the loss of 1 d of drying time.
Fecal Composition. As potential indicators of variation
in the animal's diet and digestion process, fecal concentrations of CP, NDF, and ADF were determined. Because the goat, sheep, and steer trials were conducted separately, no statistical test was made among the ruminant species. Information, however, can be obtained from within each animal species trial to determine whether the six experimental hays were ingested and digested similarly. Feces from goats showed no difference in the concentrations of CP, NDF, and ADF for the TC main effect but showed a HD effect for each and significant (P ≤ 0.05) TC × HD interactions (Table 5 ). These interactions, resulting from different slopes for AM and PM cuts at different harvest dates, indicate that the hays were not utilized similarly. The interaction for all these variables was associated mainly with the July harvest, in which PM-cut hay resulted in feces with less CP and greater NDF and ADF concentrations than with the AMcut hay. A shift to greater fecal CP and lesser fecal NDF and ADF occurred in the PM-cut hays harvested in August and in September.
Fecal concentrations of CP, NDF, and ADF from sheep also showed significant (P ≤ 0.04) interactions between Table 5 . Average crude protein, neutral detergent fiber, and acid detergent fiber concentrations in feces from goats, sheep, and steers fed alfalfa hays (DM basis) Each value is the mean of six animals, except for CP in the steer trial which is the mean of 12 observations (two times of cut and six animals). AM = harvested at sunrise; PM = harvested at sunset. the main effects of TC and HD (Table 5) . Crude protein was greater in the July AM treatment than the PM, but CP within the August and September harvests showed no difference between the AM and PM hays. The interaction for NDF and ADF was similar to the interaction detected in the composition of the goat feces with the July harvest response to time of cutting differing from the effect in the August and September harvests.
There was no interaction of TC and HD in the concentration of CP in steer feces, but HD was associated with a linear (P < 0.01) increase in CP from July to September (Table 5) . Fecal concentrations of NDF and ADF showed an interaction of TC and HD (P = 0.03), being greater in the feces from the PM hay harvested in July and decreasing to be least in the feces from the PM hay harvested in September. The NDF and ADF concentration in feces from the AM-cut hay changed little from July to September.
Hay Composition. Both IVTDMD and the soluble carbohydrates (TNC and its four fractions) were greater (P < 0.01) in PM-cut hay than in AM-cut hay (Table 6 ). The greater IVTDMD is consistent with greater TNC concentrations. In addition, the greater TNC concentrations are consistent with published literature for PM samples of alfalfa (Plhak, 1989) and ryegrass (Orr et al., 2001) . Also, the greater TNC concentrations in the PMcut hays are consistent with hays from the same treatment lot used in previous preference trials (Fisher et al., 2002) . In those trials, TNC in PM-cut hays averaged 54 g/kg compared with 43 g/kg for AM-cut hays. Fiber fractions, on the other hand, were not altered by time of cut. The elevated TNC and IVTDMD in the PM-cut hays may be responsible for the increased DMI by both goats and steers. In the experiment with goats, the PM-cut hays had greater DM digestion and, consequently, digestible DMI, as well as greater digestion coefficients for the fiber fractions (Table 3) than the AM-cut hays.
In vitro true DM disappearance, CP, fiber fractions, and soluble carbohydrates were all altered (P < 0.01) by harvest date (Table 6 ). With the exception of CP and starch, all variables showed a significant (P < 0.01) lack of fit. The LOF to the linear contrast occurred because the July and August harvests were similar, whereas the September harvest had lower concentrations of fiber and greater concentrations of sugars and TNC. The means for IVTDMD were also similar for the July and August harvests and greater for the September harvest.
The small difference in DMI by steers compared with goats between the PM and AM hays and the lack of difference in the digestion coefficient for steers, as well as the lack of significant responses by sheep to PM hay compared with goats, is not clearly explained by the composition data. There was a similarity between sheep and goats in the variation in fecal concentrations of CP and fiber fractions. The composition of the offered feed from the same treatment lot sampled for each animal fed in the separate animal trials showed that differences existed. The hay treatment × animal trial interaction was not significant for any of the variables analyzed (Table 6 ). This indicates that the relative differences among the hays were similar among trials, but that the mean concentrations between trials varied. Examination of the means by animal trial (Table 6) showed that the forage offered in the goat and sheep trials was nearly identical in composition. The forage offered in the steer trial had small but significant decreases in IVTDMD, CP, and monosaccharides, and small increases in the fiber fractions and starch. The similarity in the composition of the offered feed between the goat and sheep trials could, in part, be accounted for by the fact that the trials were conducted concurrently and the length of the trials were appreciably shorter than the steer trials. The decreased quantity of hay required for the goat and sheep trials, compared with the steer trials, decreased the opportunity for variation to occur in the offered feed. Further explanation may reside with the degree of selectivity exhibited by the different animal species in obtaining their diets from the offered forage. Generally, ruminants select the leafy tissue over stems when given the opportunity (Minson, 1981) . Selectivity can be examined indirectly in these trials by analyzing the difference in IVTDMD, CP, and NDF concentrations between the offered hays and the orts sampled during each experiment. Selection of higher quality portions of the feed over lower quality portions results in decreased IVTDMD and CP but increased NDF in the orts. The calculated difference values (Table 6) indicate that selection occurred (P < 0.01) in all trials, and the magnitude was similar for sheep and goats. Difference values from the steer trial, however, were much smaller, indicating that steers consumed a diet of less nutritive value. Because TNC accumulates during the day in leaf tissue (Lechtenberg et al., 1971) , a lower proportion of leaf in the consumed forage may partially explain the lack of response exhibited by steers in digestion coefficients for DM and the fiber fractions.
Harvest date effects (P < 0.01) also were observed for the differences between the forage offered and the orts (Table 6) . Difference values were of similar magnitude for the means reported for the July and August harvested hays. In all cases, animals showed decreased difference values in the higher quality September-harvested hays (Table 6) .
Dry Matter Intake, Digestion, and Preference
The same six experimental hays evaluated for DMI and digestibility in this study were evaluated previously for preference (Fisher et al., 2002) . In that preference trial, MDS was used to develop a spatial arrangement representing the differences expressed as selective forage intake by the animal. For MDS, the difference in preference between a pair of hays was expressed by subtracting the amount of the least preferred hay from the most preferred hay and dividing by the sum of the two intakes. In this way, preference was expressed numerically as a relative difference or distance. If the animal consumes equal quantities of the hays in the pair, then the difference ratio is equal to zero and no preference or distance between the hays is expressed. If only one of the pair is consumed, then the difference ratio is equal to one and the maximum difference in preference between hays is expressed (Buntinx et al., 1997 procedure for data assumed to express distances or relative differences between stimuli (e.g., feeds) in an unknown number of orthogonal dimensions. After specifying the assumed number of dimensions, a least squares fit is approximated using an array of points representing stimuli. The coordinates of the points are adjusted iteratively until the reduction in residual sum of squares is below a specified level. The residual sum of squares is calculated by comparing the "distance" between the points representing the stimuli and the observed distances or differences between the stimuli. In effect, a map is developed with points representing each stimulus. The positions are adjusted until the maximum sum of squares is explained given the limitation of the specified number of dimensions. The order of fit is first dimension 1, which will generally include the most important variables (most sums of squares), followed by dimension 2, which will generally include the second most important variables (second most sums of squares), then dimension 3, and so on. In the previous study, MDS identified the variables assigned to the first two dimensions (dimension 1 and 2) to explain the preference difference observed for steers, sheep, and goats. Associating the short-term preference and the coordinates for dimension 1 and 2 from the previous trials with DMI and digestion from this study reveals several points of interest. First, DMI by steers estimated in this study was well correlated with the preference (≤2.0 h intake) of steers estimated in the previous trial (r = +0.83; P < 0.05). Also, DMI by steers estimated in this study was well correlated with stimuli coordinates for dimension 1 from the preference trial (r = +0.90; P ≤ 0.05). Second, only sheep DM digestion estimated in this study was associated with any of the sheep measurements from the preference trial, and this was with stimuli coordinates for dimension 1 (r = +0.84; P ≤ 0.05). Third, neither goat DMI nor DM digestion from this study was related to the measurements made with goats in the preference trial.
Despite the small compositional differences between the PM-and AM-cut forage, it seems that hays that were preferred by steers were likely to be consumed daily by steers in greater quantities. Sheep and goats responded differently than steers. Neither DMI nor DM digestion by sheep or goats in this study was well associated with any of the measurements from the preference trial. These differences relative to preference and DMI between steers and the small ruminants may be partly related to the differences in the diet they selected from the offered forage.
Implications
The management strategy of harvesting hay at sunset provides an opportunity to increase total nonstructural carbohydrate concentrations of the forage. This increase in carbohydrates is associated with improved in vitro true dry matter disappearance and deceased fiber concentrations and has the potential to improve daily dry matter intake of more digestible forage and result in improved daily animal responses.
